Objectives The purpose of this article was to present an original standardized tool assessing the medicine's acceptability whichever their characteristics and the patient features. Methods An acceptability map was built with objective measures from medicine use assessments collected in real-life conditions. Multiple correspondence analysis (MCA) was used for the mapping process. Hierarchical classification on the principal components (HCPC) of the MCA was performed for the clustering process corresponding to distinct acceptability profiles. Key findings The results presented here focus on 234 evaluations issued from the paediatric population and gathered in four clusters: 'well-accepted' (50%), 'accepted' (19%), 'poorly accepted' (25%) and 'not accepted' medicines (6%). The first one was characterized by a dose fully taken, in a short time, with a patient's positive reaction; the second by a longer administration time, a neutral reaction and the use of methods to achieve administration (reward, divided dose). Differentiation between the two last clusters was, respectively, originated by a required dose partially taken or not taken. Conclusions The acceptability profile of each medicine can be evaluated with the map position of the related patient's assessments barycentre. This tool should satisfy expectations in terms of methods for appropriate acceptability evaluation and standardized comparison among medicines.
Introduction
Guidance issued by the European Medicines Agency (EMA) [1] defines patient acceptability as 'the overall ability and willingness of the patient to use and its caregiver to administer the medicine as intended'. Acceptability is also considered to be 'driven by the characteristics of the user (age, ability, disease type and state) and by the characteristics of a medicinal product'. [2] Palatability, swallowability, appearance, complexity of modification before administration, required dose, container or administration device use and mode of administration are proposed as characteristics of the medicinal product.
Consideration of patient acceptability is necessary to optimize patient adherence in order to reach the efficacy and safety of medicines. It becomes of utmost importance in populations such as paediatric or geriatric which require particular attention to prevent unlicensed used or noncompliance. Effectively, unauthorized tablet crushing or capsule opening for child and elderly patients is frequently reported in literature whereas it may cause dosing inaccuracies and impair bioavailability. [3, 4] Unaccepted medication rejected by the children is also an important problem for caregivers that cannot achieve the prescribed treatment; however, this reflex is the reflection of the child's basic biology. [5] Furthermore, the main elements impacting on acceptability which have to be considered in acceptability testing may differ depending on medicines and patient: taste is a crucial criteria for acceptability of oral medicines but not of ear or ocular preparations. This parameter is also more important for the paediatric population than for elderly because taste sensitivity is decreased in this population. [6] In this context, however EMA identified that 'knowledge on acceptability testing is still fragmented' and 'an internationally harmonized method has not yet been developed', the institution specified its expectations in the guideline on pharmaceutical development of medicines for paediatric use. 'Acceptability should be an integral part of the pharmaceutical and clinical development' and 'should be preferably studied in children themselves'.
Consequently, we developed an original tool designed to meet these expectations: a model based on mapping and clustering processes providing relevant standardized acceptability assessments whichever the medicines' and the patients' characteristics. To illustrate the utilization of this new tool, we focused on the paediatric population results, which represents a challenge of assessment harmonization, considering the difficulties to report assessment during the first years, [7] the variation of the caregiver involvement and the capacity of patients to accept and use medicines. [8] Materials and Methods
Data on medicines use
Objective measures were used to collect real-life data on medicines use. These measures focused on the following observable content: the time needed to prepare and administrate medicine, [9, 10] the volume of the required dose taken by the patient, [11] [12] [13] the patient's reaction during administration [12, 14] and the use of methods to achieve administration (dividing the required dose, crushing the medicine, using food or drink, promising a reward or using restraint). [10, 15] These observational measures considered indirectly the critical aspects of products affecting acceptability and thus reflected appreciation and usability of medicines by both patients and potential caregivers.
These generic measures provided standardized data regardless of the medicines' and patients' characteristics. The latter made directly by patients themselves based on their perception may require distinct measures to obtain relevant data. Specific subjective measures ensured the relevance of considered aspects in acceptability testing depending on the type of products studied, or guarantee people's understandability according to their features such as age. Some people are not able to report themselves reliable and valid information on their feeling especially children under 6. [16] In such a case, observational measures can be used rather than proxy measures which require interpretation about the subjective experience of patients. [17] 
Data collection
Pharmacists into community dispensaries throughout France were randomly selected in a sample of a national database and recruited on a voluntary basis, and some physicians and pharmacists selected from Paris area also participated in the pilot study. They were invited to propose the study to all the parents of the children under 15 receiving any treatment. Parents were invited to fill a Web questionnaire focusing on the first medicine's administration following study inclusion. The inform consent form delivered to participants contained the arrangements for participation specifically a unique login code and the observational measures that need to be performed by an observer during the medicine use.
Participants were invited to provide information: (1) medicine features (the medicine's name (brand name + strength + dosage form) and the required dose); (2) patient features (age, gender and knowledge of the medicine); (3) observational measures (the result of the administration, the child reaction on a 3-point hedonic scale and the time between the opening of the secondary container and the end of the administration with an accuracy of 10 s); (4) objective information on medicine use (the methods used to achieve administration (divide the dose; use food or drink to mask the taste or ease swallowing; use a reward; use restraint) and the person (s) in charge of manipulation and administration); (5) subjective information on medicine use (perception of the child/parent on the easiness of the medicine preparation and the easiness of the medicine intake on a 4-point Likert's scale then additional remarks on medicine acceptability).
The medicine's names collection was based on the French public database. [18] The medicine's characteristics were collected in their summary of product characteristics (SmPC).
This study was strictly observational. As such, it did not influence patient treatment and usual child medical care and it did not impact on the physical or psychological integrity. Furthermore, data were provided directly by the participants on a voluntary basis and data collection has been performed in a complete anonymous way. Consequently, according to French regulations, ethical committee and data protection authority approval were not deemed mandatory.
Statistical analysis and Acceptability map design

Acceptability map
Multiple correspondence analysis (MCA) was used for the mapping process. Each evaluation (1 medicine taken by 1 child) was defined by one of the response options (categories) to each observational measure and method used to achieve administration (variables). The dimensions of the MCA explaining the greater amount of variance of the data set are selected to design the acceptability map.
The categories and the evaluations were positioned together on the acceptability map. The Figure 1 illustrates how the categories of a variable were positioned around the zero of the map, which is the barycentre of all categories. The more the category was answered, the closest from the zero of the map it was. Interpretation was based on proximities between elements on the acceptability map. The proximity between categories revealed that they were often selected together during the evaluations.
The Figure 2 illustrates (in 2 dimensions) how the evaluations were positioned at the barycentre of their categories (in 3 dimensions). For example, the evaluation 156 was positioned at the barycentre of 'dose not taken', 'use restraint', 'negative reaction', 'long time', 'no food/drink', 'use divided dose' and 'no reward'. Evaluations were characterized by the closest categories on the acceptability map. Evaluations were close on the map if the results of their evaluation were similar.
F-tests and then t-tests were performed to highlight the variables; then, the categories significantly linked to each dimension.
Acceptability profiles
The hierarchical classification on the principal components (HCPC) of the MCA was used for the clustering process. [19] Based on the positions of the evaluations on the acceptability map, this analysis gathered them into clusters. The clusters defined distinct acceptability profiles. Each cluster was characterized by a specific pattern of objective measures. The categories over-represented in the clusters had a V-test value greater than 1.96 (P-value < 0.05). The higher the value, the more strongly the category was over-represented in the cluster.
Acceptability of a medicine
The position of a selected medicine on the acceptability map was defined by the barycentre of the evaluations corresponding to the selected medicine. This barycentre was associated to an acceptability profile. Based on sample data, the confidence ellipse, drawn around the barycentre, held the true medicine's position in the population with a probability of 90%. Position on the acceptability map of two medicines was significantly different if their ellipses do not overlap.
The Figure 3 illustrates the place of a selected medicine (labelled A) on the acceptability map. The individual evaluations corresponding to this medicine were located into the four clusters in various proportions. Then, the barycentre coordinates were calculated and plotted on the acceptability map with its confidence area. The acceptability profile of the medicine A was defined with the cluster 1.
Model validity
To assess the model validity, we studied the link between the acceptability assessments provided by our model (based on objective data) and the subjective perception of medicine's users. Chi-square tests were used to assess a potential relationship between the acceptability profile of a medicine (cluster) and the users' perception regarding the easiness of the medicine preparation and the easiness of the medicine intake.
Softwares
R and SAS were used. The R packages FactoMineR [20] and MissMDA [21] were used to perform MCA and HCPC and to handle missing data. Data analyses in R and results were checked with SAS 9.4 for patients with complete data. Table 1 presents the demographic characteristics of the patients.
Sample of medicines
A medicine is defined by a specific combination of brand name, strength and dosage form. There were 109 distinct medicines assessed in the study. Table 2 presents the characteristics of the medicines. Among these medicines, 45% were assessed more than once. Figure 4 presents the observational measures for the 234 evaluations. During the first medicine administration, the required dose was fully taken for three-fourths of the children (Figure 4a ) with an equitable distribution of the patient's reaction (Figure 4b ).
Objective measures
The minimum time needed for manipulation and administration of medicine was 10 seconds (the scale's lower limit), and the maximum was more than 10 min (the scale's upper limit) (Figure 4c ). The median time was 1 min and 40 s. The first and the third quartiles were, respectively, 1 min and 3 min and 30 s. These data were transformed into a categorical variable with three categories corresponding to thirds: 'short time', 'medium time' and 'long time'. The median time for the 'short time' category was 40 s, and the maximum was 1 min. The median time for the 'medium time' category was 2 min, and the maximum was 2 min and 30 s. The last category included manipulation and administration time upper than 2 min and 30 s with a median of 5 min.
Regarding the methods used to achieve administration, for 43% of the children the required dose was divided so not taken as a whole, for 33% of the children food or drink were used, either mixed with drug or taken just before or after administration to mask the taste or ease swallowing, for 21% of the children a reward was promised and for 23% restraint was used (Figure 4d ).
Acceptability map
The MCA explained the total variance of the data set with 10 dimensions. The first 3 dimensions explained a greater amount of variance than the average amount per dimension of 10%. The first dimension accounted for 28.7% of the explained variance, the second for 13.5% and the third for 10.8%. Table 3 highlights the significant link between the categories and the dimensions. Figure 5 presents the first two dimensions of the map. These dimensions are the most important as they summarized 42.2% of the total inertia. The first dimension opposes the categories positively connoted on the left side of Figure 5 : dose fully taken, short time, positive reaction, neutral reaction, no restraint, no food/drink, no divided dose and no reward; to the categories negatively connoted on the right side: dose not taken, dose partly taken, long time, negative reaction, use of restraint, use of food/drink, divided dose, use reward.
The second dimension opposes on the left side of Figure 5 the categories on the top: positive reaction, short time, no reward and no divided dose; to the categories on the bottom: neutral reaction, medium time and no restraint. This dimension opposes on the right side the categories on the top: dose not taken, long time, negative reaction and use restraint; to the categories on the bottom: use divided dose and use reward.
Medicines with negative coordinates on the first dimension of the acceptability map are defined by categories positively connoted thus tend to be accepted. Medicines, which are the furthest away from the origin, are the most accepted. Those with positive coordinates on the second dimension are better accepted than those with negative coordinates. Medicines with positive coordinates on the first dimension are characterized by categories negatively connoted and thus tend to be poorly accepted. Those with positive coordinates on the second dimension tend to be less accepted than those with negative coordinates. Figure 6 presents the third dimension with two rotations (45°) about the second dimension of the acceptability map. The third dimension mainly parts the medicines defined by the categories negatively connoted on the right 
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Significant t-test P-value at the 5% threshold for categories. 
Acceptability profiles
The 234 evaluations were gathered into 4 clusters corresponding to the following acceptability profiles: 'wellaccepted', 'accepted', 'poorly accepted' and 'not accepted'. Each evaluation is coloured depending on the cluster it belongs to on Figure 5 . The 'well-accepted' cluster gathered 118 evaluations (50%), 44 evaluations were grouped into cluster 2 (19%), 58 into cluster 3 (25%) and 14 into cluster 4 (6%). The clusters correspond to different acceptability profiles. Figure 7 presents the specific patterns of categories significantly linked to each cluster. The cluster 1 included 93.1% of the evaluations within the 'positive reaction' category, 85.1% of the 'short time' category, 65.1% of the 'dose fully taken' category, 73.9% of the 'no divided dose' category, 62.8% of the 'no restraint' category, 62.4% of the 'no reward' category and 62.2% of the 'no food/drink' category. This cluster was thus characterized by a pattern of positively connoted categories and defined a profile of 'well-accepted' medicines.
The cluster 2 grouped 62.5% of the evaluations of the 'use reward' category, 35.0% of the 'use divided dose' category, 42.9% of the 'neutral reaction' category, 35.7% of the 'medium time' category, 22.9% of the 'dose fully taken' category and 23.3% of the 'no restraint' category. This cluster was characterized by a pattern of categories with a fairly positive valence. It thus defined a profile of 'accepted' medicines.
The cluster 3 contained 65.4% of the evaluations in the category 'negative reaction', 82.2% of the 'dose partly taken' category, 68.5% of the 'use restraint' category, 53.2% of the 'long time' category, 48.7% of the 'use food/drink' category and 39.0% of the 'use divided dose' category. This cluster was thus characterized by a pattern of negatively connoted categories and defined a profile of 'poorly accepted' medicines.
The last cluster included 100% of the evaluations within the 'dose not taken' category, 17.9% of the 'negative reaction' category, 18.5% of the 'use restraint' category and 15.6% of 'long time' category. In addition to a pattern of negatively connoted categories, this cluster was also characterized by a medicine not taken. It defined a profile of 'not accepted' medicines.
Model validity
To evaluate the validity of the clusters scoring, we pooled the evaluations of the cluster 1 (well-accepted) with the evaluations of the cluster 2 (accepted), and we pooled the evaluations of the clusters 3 (poorly accepted) with the evaluations of the cluster 4 (medicines not accepted). The user perception regarding the medicine intake easiness was gathered into 2 groups: easy intake ('strongly agree' and 'agree' with the allegation 'this medicine in its actual form (flavour, texture, size, route of administration, packaging, administration device, etc.) is taken easily') and difficult intake ('disagree' and 'strongly disagree' with the previous allegation). A chi-square test indicated that there was a statistically significant relationship between acceptability profiles and user perception regarding the medicine use (P-value < 0.0001).
Then, we explored separately the relationship between the 2 first clusters (well-accepted/accepted) and the agreement with the allegation (strongly agree/agree). The level 'strongly agree' was more represented in cluster 1 than in cluster 2, and a higher representation of 'agree' was found in cluster 2 compared with cluster 1. The level of the user perception was concluded to be statistically significant related to clusters (P-value < 0.0001).
Finally, we explored the evaluations of the two last clusters to assess whether they were associated to the level of difficulty, 'disagree' and 'strongly disagree'. A higher representation of 'disagree' was found in cluster 3 compared with cluster 4, and the 'strongly disagree' was more represented in cluster 4 than in cluster 3. Fisher's exact test was used due to low frequency in one cell (<5). The test showed a significant relationship (P-value = 0.0154).
Discussion
In this study, data on medicine use were collected for a wide range of medicines (7 routes of administration and 21 dosage forms) in heterogeneous patients from newborn to 14 years old with different diseases (23 therapeutic groups). The observational measures used provide objective data whichever the characteristics of medicines and patients. This method using real-life data offers the opportunity to study acceptability directly in targeted paediatric population as recommended by EMA.
A paediatric acceptability map was built based on 234 evaluations of medicine use. The evaluations were gathered into 4 clusters characterized by specific patterns of observational measures. The clusters correspond to 4 distinct acceptability profiles: 'well-accepted', 'accepted', 'poorly accepted' and 'not accepted'.
The clusters 3 and 4 (respectively, 'poorly accepted' and 'not accepted') gathered 31% of the evaluations. These medicines were partly or not taken by the children during the first administration following treatment delivery. If the methodology of the study is not designed to provide representative data of whole paediatric population, this percentage underlines the major acceptability issue in designing appropriate formulations adapted to paediatric use. [4, 22] Any medicine can be positioned on the acceptability map using the barycentre of at least 30 evaluations. The barycentre is localized in a cluster corresponding to the acceptability profile of the medicine. Thus, it defines the medicine's acceptability in the studied population; however, it does not characterize each patient's acceptability. The barycentre is surrounded by a confidence ellipse reflecting the accuracy of estimation and the variability of patient's acceptability. A large ellipse indicates a high variability between patient's acceptability.
The tool we developed provides standardized assessments of acceptability and thus allows comparing the acceptability of different medicines. The acceptability of two medicines is significantly different if their confidence ellipses do not overlap. It may be relevant to compare acceptability among groups of medicines such as generic groups which include medicines with similar active substance, strength and dosage form or therapeutic groups as antibacterials, analgesics or antihistamines. It is also relevant to compare acceptability of medicines between different groups of patients differing in age or cultural background. These characteristics of patients could impact the acceptability of medicine and the preference among the different formulations (form, flavour, etc.). [1] Hence, exploring the results by age or country could allow acceptability assessment of medicine in a specific population.
In addition, the barycentre of the evaluations of distinct medicines with similar characteristics could be positioned on the acceptability map. That allows comparing the acceptability of different active substances, strength or dosage forms regardless of other characteristics of medicines.
This method aims to design a descriptive model, which fits the real-life data collected. By continuously implementing our model with new data, the acceptability map and acceptability profiles will be more and more accurate and representative of global medicine market and worldwide patients. New recruitment centres initiation in different districts and countries, in cities or hospitals, will allow improving the model in term of diversity.
The result indicated that there was a statistically significant relationship between the acceptability assessments provided by the model based on objective data and the user perception regarding the medicine intake easiness. The relationship between the manipulation and administration time and the user perception regarding the medicine preparation tend to be significant. Recording the manipulation time and the administration time separately will allow to objectively measure the burden of manipulation in medicine use.
Thirty-three per cent of the evaluations reported use of food or drink, and this behaviour could alter the pharmaceutical properties. Dedicated design to study prevalence of misuse depending on the acceptability could be of public health interest.
Previous data supported that there is no systematic difference between the first two administrations of a medicine, [12] and then, for this protocol we focused only on the first medicine's administration following treatment delivery. Nonetheless, in the Web questionnaire a final section was proposed to the parents if they wanted to report additional remarks regarding the preparation and the intake of the medicine. Some parents declared spontaneously that it has been easy for the first administration before the children experienced the test, but very difficult for the second one. Longitudinal data collection will allow to study the impact of repeated administration on acceptability and to consider the acceptability over time.
As a first validation of the tool, this protocol did not include a parallel assessment performed by a professional health care; thus, interobserver reliability remains to be demonstrated. A protocol has been set up to explore this property, and longitudinal data will be used to confirm the ability of the tool to detect changes.
Acceptability is influenced by the characteristics of the medicines and the users. Linking acceptability of medicines to their characteristics and those of the patients will allow studying their impact on acceptability. We assume that it is possible to identify predictive factors of acceptability, which would thus allow designing a predictive model. This model will predict the expected acceptability of a medicine in a targeted population based on their characteristics. It could help medicines' designers to study acceptability of new products from the early stages of paediatric formulation development.
Conclusion
This article presents an original tool assessing the acceptability of medicines whichever the products and patients characteristics. Our method is based on mapping and clustering processes. The first step is to build an acceptability map based on objective measures provided by real-life data collection on medicines use. The second step is to group evaluations in clusters corresponding to distinct acceptability profiles. Any medicine may be positioned on the acceptability map and defined by an acceptability profile using the barycentre of their evaluations. This method provides standardized assessment tool of acceptability and allows comparison among medicines. This model will be constantly implemented with new data increasing the knowledge on acceptability of medicines over time. This tool should actively participate to the acceptability assessment standardization and contribute to the improvement of medicine's acceptability by the development of adequate drug formulation.
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